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(57) Abrtft 

L'mventicn concerne un precede et un dispasitif pour tuber un puhj. notimnxnt un puitj de forage petroiier. ou une canaltsiuon. tu 
moyen d'une prtfame tubuliire souple, durcissible w ita. ,vec introduction dc U prtfonne dins le puit, ou <Uni b camlijition » Teat 
loci tuduutenou replit pub deplieroent p«r tonfltge hydnuligue de U prtfonne et ippUcuion de u pa* contre celle du puiti ou de b 
cuulu^on. « enfin durcisseraent de b prtfonne. Canforciement i I'ravemioo. b prtfonne (g) at mserte dam un fount*. .LxvMe (6L 
qui est rigkie ou imMijidc en direction kmjitudinile, mil* est deformibte ndbleroent. et b nise en pbee de b prtfonne dm, le wis 
ou b ctailtmian « hit lion qu'elle es contenue dins mo fount* (6). ce dernier com ceput de U prtfonne a mist to puhTou de b 
anilbidoti en fin d'operatioc Tubsge de, puit, et de, canilbuioni. m&ne fooement (levies, noommem dim 1'industrie peilronerc 
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P ^ C p.nx« E L D l SP ° S,TIF P ° UR TUBER UN PU,TS ' NOTAMMENT 
PUITS FORAGE PETROLIER, OU UNE CANALISATION 
AU MOYEN D'UNE PREFORME TUBULAIRE SOUPLE, 
DURCISSABLE IN SITU 

un put is de forage pArolier. ou une canalisation, telle qu'un gazoduc ou un oldoduc par 
exemple. au moyen d'une preTorme tubulaire souple. durcissable msitu. par exemple 
thermodurctssable. r 

oeuvrecep roc «r Cnti0n de meUre en 

Dans la presente description, et dans les revendications, on entendra par Ic 
terme tuber" Paction de consolider un puits. ou une canalisation, notamment en vueTe la 
sparer, en en revetant la paroi d'un tube rigide. encore appele tubage ou chemisage 

Par le terme "preforme" on entendra une structure tubulaire qui est 
.mualement souple et deformable et qui. une fois placee dans la zone du puits a consoli- 
der. est m.se en forme cylindrique. appliquee concre la paroi du puits ou de la canalisa- 
uon. pu,s durcie pour se Her intimement et a demeure a cette paroi. constituant ainsi le 
tubage ou chemisage. 

Pour le tubage d'un puits de forage petrolicr. ainsi que pour des applica- 

t,ons s,m,.a,res. ,1 a deja ete propose des preformes tubulaires soupleVe, durci4b.es 

desunees a etre mises en place a I'etat replie longitudinalement - elat dans lequel elles 

possMen, un encombrement radial faible - puis a etre deplices radialemem. par appl.ca- 
uon d un gonnagc hvdrauljque imefnft ^ ^ technjque ^ notammenj d 

dan les documents FR-A-2 662 207 e, FR-A,2 668 24,. ,a preforme possede. apres 

ZHT U <P,0iemem) UnC f0m,e S,rictemen « * aametre »en 

Un autre type de preforme connu. qui fait nolamment I'objet de la 
demande de brevet international W0-94/25655. au nom de la demanderesse possede 
une structure tubulaire qui comprend un tressage de mfcehes souple, compose 
fibres, qu, s entrecroisent avec un certain jeu. de sone que la suture peu, s'expanscr 
rad,aleme„ t tout en se restreignant en direction axiale sous I'effet de I'apphcation d'une 
surpressionirintfrieurdelaprtforme. 

<r^ a reXpanS *° n de ,a P refo ™ e P« * faire en deux etapes successives. 

d abord par depl.ement. puis par expansion radiale ; on obtient ainsi un degre d ex- 
pans,on neuement supcrieur a ceux obtenus avec les preformes soup.es memionnees plus . 
haut. ce qu, permet d'introduire la preforme dans le puits a tuber, et Kamencr en la zone 
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souhait£e, en la faisant traverser des ouvertures de faible dimension, par exemple des 
conduits rigides dijk en place dans le puits, ayant un plus petit diamfctre intdrieur. 

Cede technique connue est trts intdressante. dans la mesure ou elle permet 
de boucher des perforations apparaissant dans un puits de production, sans qu'il faille 
5 retirer le tubage ddji en place, et par consequent sans "tuer le puits". 

II est apparu ndanmoins des difficult^ pour mettre en oeuvre cette 
technique lorsque le puits est fortement ddvie, c'est-&-dire possfcde un axe formant un 
angle 6\ev6 par rapport & la verticals voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblemem vertical, la prdforme 
10 est naturellement rcctiligne (sous Peffet de la gravitd) et elle descend rdguliiranenl dans le 
puiis au cours de sa tnise en place. Toutefois, elle risque d'fctre endommagde par suite des 
frottements contre les parois du puits ou les diffdrentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est ddvid, ou prdsente des coudes, la prdforme se 
15 ddforme en raison de sa souplesse. et se positionne incorrectemem dans 1 'axe du puits, ce 
qui provoque des frottements. voire des risques de blocage au cours de son enfoncement. 

La mise en place de la prdforme dans un puits fortement devie ou 
horizontal est done delicate, et mcmc impossible dans certaines configurations. 

L'invention vise & rdsoudre ce proWime, en proposant un proeddd de 
20 tubage d'un puits ou d'une canalisation au moyen d'une prdforme tubulaire souplc. 
durcissable in $itu, qui puisse dgalement s'appliquer sans proWfcmes h des puits ou des 
canalisations non verticaux ou ayanl une surface intdrieure risquant d'endommagcr la 
prdforme. 

Comme dans les proeddds connus. on introdutt la prdforme dans le puits 
25 ou la canalisation & I *dtat longitudinalement replid. puis - lorsqu 'elle y a dtd corTectement 
positionnde - on la ddplie par gonflage hydraulique pour lui donner une forme sensible- 
ment cylindrique, on I'applique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proeddd qui fait Tobjet de ['invention est remarquable par le fait 
30 qu'avanl d'introduire la prdforme dans le puits ou la canalisation, on I'insfcrc (provisoire- 
ment) dans un fourreau amoviUe. qui est rigide ou semi-rigide en direction longiiudinalc, 
mais est ddformable radialement, et qu'on met cn place dans le puits ou la canalisation la 
prdforme contenue dans son fourreau, ce dernier dtant ensuite - en cours d'opdration - 
separd de la prdforme puis - en fin d'opdration retirt du putts ou de la canalisation. 
35 La prdforme se trouve done prisonnifcre du fourreau, et soutenue par lui, 

durant toute la phase de sa descente dans le puits ou la canalisation. Ainsi ceue descente 
se fail sans difficultds, mdme si Ic puits ou la canalisation est fortement devie. voire 



WO 96/21083 



PCT/FR95/01651 



10 



15 



honzontal. ou presente une surface de paroi risquani d 'abimer la preforme. De prtf< rence 
le fourreau presente une certain, flexibi. ite. qui autorisc des pttcours courbes Ju coudj 

^"nn^prefercntielduproce^^ 
^founeau. de telle sorte que son extremite libre ressorte de celui -ci sur unc cename 

, ^^^^ un P rcmier ^on<Mplien«liale m emuniquernen.la 
pon.cn de preforme qui depasse du founeau. et on 1 'applique contre la paroi du puits ou 
de la eanahsauon pour obtenir une zon C d'ancrage. apres quoi on extrai. le fourreau par 
traction vers Parriere (e'est-a-dire vers la sortie du puits). 

Ce precede s'applique particulierement bien a une preTorme qui aores 

Dans ce cas, la d&olidarisation de la prtforme par rappon au fourreau 
s opere avantageusement par suite du depliement radial de ,a portion de la preTorme 
«>nten U e da^ ,e fourreau, apres quoi s'operen, successivemen, ,e retrai, du fourreTe 
1 expansion radiale de cette meme portion. 

L'invention concerne egalement un dispositif pour tuber un pui.s 
notammem un puits de forage petrolier. ou une canalisation, au moyen d'une preforme 
»**«. souple. dont ,a paroi est therntodurcissable in_situ, cite preiol eTn 

longitud,nalementeiunetaide-plie-sensiblementcylindrique. 

oosc d. la ,r CC diSPOSitir ** remaniUab,e ,e fail W ««>P°*e ™ equipment de 
pos :de la preTorme. montea Pextrfmh c dune tigedecornrnandetubulairedestLaetrc 

25 ::~ s ,e puus 00 ,a — d - is - - * « 

celle ci le fluid 7 TT * P °" " * ^ ^ '* ^ * <™™ * 

ce le-c le flu.de hydrauhque sous pression necessaire a son depliement. et. le cas 

echean, a son expansion radiale. ainsi que Penergie thermique necessaire au durcisse- 
mcnt de sa paroi ; 

30 duouel est eJT f ° UrTeaU SO, ' daire dC reX,r6niW de ,a U « e ' * 

directoon longitudinale. mats est dtfformable radialement de sorte qu'il peut £tre retire* de la 
preforme lorsquc celle-ci se trouve a I'rftatdeplid. 

^ r ^ ,,eure - M,onunce ^nnombredeca ra cte-risuquesadditionne^ 
35 avantageuses.nonlimitaUvesdcr«nvenUon: >«onneiies 

- le fourreau amoviblc est un tube fendu. apte a s-ouvrir pour iibeYcr la 
prdformeaucoursdesonde-plicment; 
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- la preTorme est solidaire d'un manchon interieur arrachaMe, radiaiement 
expansible par gonflage hydraulique. k I'inteneur duquel est introduit le liquide hvxirauli- 
que foumi par Toutillagc dc pose ci dc contrite ct servant k deplier la preTorme, cc 
manchon etant degonfte el sfpare de la preTorme, en fin d 'operation, puis retire* du puits 

5 ou de la canalisation en m£me temps que I'outillage et le fourceau ; 

- la preTorme est thermodurcissable et, son chauffagc est realis* par cffet 

Joule, par Pintermfdiaire d'un c4We clectrique deToimable, ce dernier Itant stock* sous 

un faible encombrement dans une douille qui est interpose entre Pextrf mitd de la tige de 

commande et I 'outillage et est solidaire dudi t founeau amovible ; 

10 -ce cable a une longueur sensiblement egale & celle de la preTorme mise en 

place; 

- la preTorme estdepliable et radiaiement extensible ; 

- la preTorme comprend un tressage de meches souples s'emrecroisant 
avec un certain jeu, de telle sorte qtfelle peut s'expanser radiaiement tout en se restrei- 

15 gnant en direction axiale. le matenau constitutive la preTorme itant une resine polymensa- 
ble k chaud, dans laquclle est noy6 ledit tressage ; 

• le manchon interieur arrachable, radiaiement expansible, comprend 
egalement (comme la preTorme) un tressage dc meches souples entrecroisees aptes k 
s'expanser radiaiement tout en se restreignant en direction axiile, et qui sont em prison- 

20 n*es entre des peaux inteneure et exteneure souples, ccrtaines desdites meches etont 
remplacees par des fils conducteurs d^lcctncit* , aptes k chauffer la preTorme par effet 
Joule, qui sont connected «ectriquement audit cSWe. 

D'auires caractenstiques et avantages de ^invention apparaitront de la 
description el des dessins annexes qui en representent un mode de realisation preferentiel. 

25 Sur les figures : 

- la figure 1 est une vue generate schematique d'unc installation de tubage 
mettanl en oeuvre le proceed de 1'invention ; 

• la figure 2 est une vue gendrale, particllement coupce, de I'eqtiipemem de 
pose dc la preTorme; 

30 - la figure 3 represente un tressage de meches souples entrecroisees, 

constitutes de la structure de la preforme el du manchon qui sen k I'cxpansion de la 
preTorme ; 

- la figure 4 est une coupe transversale schematique du manchon et de la 
preforme k I % 6tat longitudinalement replies : 

35 - la figure 4A est une vue analogue k la figure 4, rcpresentant 1 'ensemble a 

reiatdeplie; 
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- la figure 4B est une vue analogue aux figures 4 et 4A. reprcsentant 
I'ensemblearetatdeplieelnidialeinentexpansi; P^entant 

- la figure 5 est une vue schematique. en coupe longitudinale dc 
I ensemble consult* par la preforme el son manchon inteneurarrachable ; 

5 - la figure 6 est un detail a plus grande fchelle de la zone de la paroi de la 

preforme et du manchon qui est reTerencee VI a la figure 5 ; 

shniUi , , r figUrcS 7 * 8 ' 9 * 10 ' 12 * 13 ' M 61 15 ^ VUK «*emauques 
s.m. aires a la figure 2, destinees a illustrer les difTerentes etapes successive* de , a mise 

en place d un cubage dans un puiis de forage petrolier conformant a .'invention a 
10 raidederinstallaUondelafigurel; '* 
- les figures 11 et 11A sont des coupes transversales correspondant 
respecuvementauplandecoupe XIde.afigure7et XIAdelafigure 10. ces vues etant 
desun^es a i.lustrer ,a facon don, la preforme se d&olidarise de son fourreau lorsqu'el.e 
passedel'6tat replied I'e^cylindrique. 

A la figure 1, on a designe par la reference P la paroi d'un puits de forage 

ZToi'T unc r e c doit e,rc ,ub * : ia ° csi ^ — * U " C 

perforce. Pour y acceoer il faut passer dans une restriction R. 

L'installation de tubage. generalement designee par la reference 1 
comprend de maniere connue. une tete de puits 12. une Uge de cdmmande flexible et' 
ubulatre 13 comportant un cable electrique interieur. un manchon de guidage 1 1 de cettc 

L'extremitelibredclatigede commanded est pourvue d'un equipment 
de pose de la preforme. reference 2. Ce, equipment est constitue essen^e^'unc 
dou.l.cc* ^,ndnque4fixeea.'extre m ite.ibrede.atige 13. d'un fourreau rigid.ficateur 6 

IS TJ TT el acco,< * ,a doui,,e 4 - ct d ' unc prtronne ~«* 8 * *e 

mise en place dans le puits pour le consolider. 

flU>1 . , ^P* fonne 8 "tportee par un manchon expanseur interieur arrachable9 
qu die entoure. comme cela es, deja connu par le WO-94/25655 deja cite «. commc cela 
sera deem plus loin en reference notamment aux figures 5 et 6. L'ensemble preforme 8 / 
manchon inteneur 9. iniUalement coherent, est reference 7. 

L'ensemble 7 est enserre dans le fourreau 6. et retenu par friction a 

35 amfcre.contreladouille4. 

Cet ensemble 7 est obture a ses extremites par des bouchons <T> Le 
bouchon 92 tour* vers ,'arriere. e'est-a-dire vers ,a sort.e du putts, est traverse £ un 
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conduil 30 qui le relic a Pou till age 3. Cc dcmicr comprend dcs moyens aptes a refoulcr A 
Pinte'iieur du manchon. via le conduit 30, un fluide sous-pression foumi au disposiiif 
depuis la surface. c*est-a-dire depuis la tfte de puils 12 au moyen de la tige de commande 
tubulaire 13, ou par pompagc du liquide du puits grace a un dispositif de pompage 
5 contenu dans Toutillage 3. 

Par ailleurs, ('installation comprend un c4We electrique 5 t qui passe dans 
la tige tubulaire 13, et est connected dectriquement a 1 -outillage 3. par I *intenn6diaire d un 
cable souple 50. Ce dernier est enrouW ou replie* sur lui-mSme, pour presenter un faiblc 
encombrement, et il est logc* dans une cavite* formant receptacle prtvue dans la douille 4. 

10 Les cables 5 et 50 servent a alimenter en <lectricite\ via Poutillage 3, 

Tensemble pre* forme - manchon expanseur inte'rieur, afin d'y g*n*rer par effet Joule la 
chaleur necessaire au durcissement de la paroi de la prfforme, comme cela sera expliqu* 
plus loin, ainsi qu'a foumir I'dnergie de pompage de Poulillage 3 el d'alimenter tous les 
systemes de contrOle necessaircs equipant cet outillage. 

15 Bicn entendu, le courant llectrique est foumi depuis la surface, a partir 

d'un ge'ne'rateur situe* a Pexttrieur du puits, relie* au cable 5 apres sa sonic du dispositif 
10. 

Comme on le voit sur la figure 2, 1 'ensemble 7 consume* par le manchon 9 
et la preTorme 8 n'est pas complement insere* a I 'intCrieur du fourreau 6. 
20 On a d&igne* par la reference 71 la portion dc cet ensemble qui se trouve a 

rintOieur du fourreau, et par la reference 70 la portion depassante, exiCricure au 
fourreau. 

La partie exteneure a unc longueur Lo sensiblement plus petite que la 
longueur Li dc la partie intCrieure 71. A eel e"gard, il convient de remarquer que cette 
25 panic 7 1 a 6U raccourcie artificiellement sur le dessin (figure 2), pour ne pas en affectcr la 
lisibilitd. 

A titre indicatif, la longueur Lo est de I'ordre de 1m, la longueur Lt de 
I 'ordre dc 10 a 30m, et la longueur L 2 . qui correspond au restc de requipement (douille 
4 et ouUUage 3), dc Tordre de 4m. 

30 Comme on Ic voit sur la figure 11, le fourreau 6 est unc cnvcloppc 

tubulaire cylindrique fendue, e'est-a-dire incompletement fermec. Ceitc cnvcloppc, 
rdalisec par exemple cn mCtal ou cn matiirc plastique, possede une ceriainc rigiditc' 
longitudinalc, mais est facilement deTormable radialemcnt dans Ic sens de son ouverlure, 
comme on le comprend aisCment a la simple comparison dcs figures 11 ct 11 A. 

35 Dans unc variantc, on pourrait rclier les bonds en regard de la feme de 

I 'en veloppe par dcs attaches pouvant se rompre facilement au-dcla d'un certain seuil de 
prcssion interne. 
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De preference. Tenveloppe est relativement flexible ce qui lui permct lout 
en ngtdiriant convenablement 1'ensemble 7 en direction axiale. de suivre des trajectoires 
non rectilignes (coudes et courbes). par deformation laterale. 

Dans I'exemple illustre aux figures 3 a 6, la preforme 8 et le manchon 
mteneur 9 possedent tous deux une structure similaire. composee d'un tressage de fibres 
souples entrecroisees tel que eel u. decrit dans le document WO-94/25655 precite. 

Au besoin on poutra se reporter a cette publication, dont on considerera 
qu e»efa»»P«.edelapresentedescripti(mpourrinterprttttiondel^ ler 
ahnea, du Code de la Propriete Intellectuelle. 

On rappelera. en reference a la figure 3, que les meches souples sonl 
rtparues en deux series 700. et 700b entrelacees, formant une structure tubulaire 
deformable. 

La structure peutetre repliee longitudinalement. puis - sous I'effet d'une 
pression interne - tee "mise au rond". e'est-a-dire conform* en cylindre par depliement. 

Si elle est ensuite souraise a une pression interne plus elevee. on observe 
un defacement relatif des deux series de meches. ce qui entrame simu.tanement une 
expansion radiale et un raccouicissement longitudinal de la structure. 

Les meches souples sont formees de fibres ayant une bonne resistance 
mecanique a la traction, par exemple de fibres de cartone ou de verie. et jouent le role 
d armature deformable pour la preforme et/ou pour le manchon expanseur de la preforme 
Les figures 4. 4A el 4B representent respectivement Pensemble 7 a I'etat 
rephe long,iud,nalement. pour presenter une dimension transversa* faiWe. ce memo 
ensemble - rdference T - mis au rond. de diametre D,. et enfin ce meme ensemble 
- reference T • a I etat radialement expanse, de diamitre D 2 sensiblement supdrieur a D, 
Le diametre et I 'expansibilite radiale de la preforme sont choisis pour que 
D 2 corresponde au diametre de la zone a tuber. 

Comme le montrent les figures 5 et 6. la preforme tubulaire souple 8 
possede une paroi 82. en matiere initialement fluide. dans laquelle sont novees des 
structures tubulaires concentriques tressees 700. La matiere fluide est une resinc 
syntnenque. thermodurcissable par polymerisation a chaud. La preforme est pourvue 
d une peau exterieurc 80 presentant une face externe munie de depressions 801 et dc 
reliefs 802 qu. favorisent son ancrage contre la paroi du puits et ameiiorent I'etancheite. 

U m3nchon intiricw arrachab,e 9 . q«i est appeie "matrice" dans le WO- 
94 25655 d6jh ci * V* 5 "' unc P"" interieure 91 et une peau exterieure 90. toutes deux 
enmatenau souple et eiastique. entre lesque.s se trouvent la structure deformab.e trcssee 
700. L imerfacc entre la peau externe du manchon et la paroi inuirieure 91 de la preforme 
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8 est traits, par exemple par enduction de silicone, pour qu'il y ait peu d'adherence enirc 
ccs deux parties. 

La preTorme 8 entoure intimement le manchon intcneur 9 qui, comme deji 
dit, est obturl k ses deux extrtmites, de maniere Blanche, par des bouchons 92. Le 
5 manchon 9 est fixe* k la preTorme 8 au moyen de manchettes d'extremit* 93, qui 
posscdent des zones affaiblies 94, susccptiUes de se rompre facilemenL L'introduction 
d'un nuide hydiaulique k Vinti rieur du manchon, en vue de son gonflage el - correlative- 
ment du gonflage de la preTorme - se fail, comme dej& dit, par une tubulure 30 qui 
de*bouche dans le manchon et une ou plusieurs ouvertures 300 de passage du nuide. 
10 L'outillage 3 comporte une ou plusieurs vannes appropriles, pouvant fitre 

commandees depuis la surface, permettant d'cffectuer le gonflage et le degonflage du 
manchon, en contrdlant la pression durant PopeTation, ou un dispositif de pom page 
realisant la meme fonction au moyen du liquide du puits. 

Certaines des meches 700 du manchon sont remplacees par des conduc- 
15 teurs electriques (fils chaufTants) relief fiectriquement au cable 50. Ainsi, le chauffage du 
manchon int£rieur el, corr61ativement, de la preTorme peut etre command* aussi depuis la 
surface, par alimentation ilectrique des cables 5 et 50. 

Nous allons maintenant decrire une operation de mise en place de la 
preTorme 8 dans une zone C du puits. 
20 L'enscmbie 7 forme* par la prtforme et le manchon se trouve k I 'flat replie* 

longitudinalement. tel que celui represent* aux figures 4 et 1 1. Dans cet *tat, ii s'inscrit 
dans un cylindre de diametre D 0 correspondanl sensiblement au diameire intdrieur de 
I % cnve!oppe fendue 6 (voir figure 1 1). 

Ce diametre D 0 est plus petit que le diametre des different conduits ou 
25 autres restrictions R situes dans le puits, en arriere de la zone k tuber. 

Comme 66)1 dit, seule une partie dc longueur rtduite, en P occurrence la 
partic 70, de I'cnsemble 7 dlpasse du fourreau 6. Par consequent, la preTorme est 
soutenuc sur la plus grande partie de sa longueur et possede (avec son fourreau) une 
rigiditc suffisante pour autoriser sa progression reguliere k Pinterieur du puits, meme si 
30 cclui-ci est totalement ou en partie de\ ie\ 

La tele de pose 2, et la preTorme, vont done 6tre poussees par la tige de 
commandc 13 dans le puits, et s'y enfoncer progressivement, comme cela est symbolise* 
par la fleche F aux figures 7 et 8. La tige creuse 13, de preference en acier, possede une 
bonne rigidite axiale, qui lui permel de pousser sans probleme la tele 2 dans le puits. 
35 Neanmoins elle est suffisamment flexible pour suivre les coudes ou autres courbures du 
puits. 
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LapanoidupuitsoudclacanalisaUon C presente en une ccnaine zone d« 

a-drre par la prffonrne polymensee. ? C 

^^^nfoncerla^daiBlepw^^^ 
S arnvejusteaa^desouverturesO.^on^coc^ 

Der mette „,H.^r m ° y !!! S dC COaU6le aPPmpri6S ' C ° nnUS CT SOi - «« P*vus. qui 
permcttcntde reahserce bon posiiionnemenL 

Par gonflage hydraulique i ntera e. la panie depassante 70. et cette parue 

7£ZV l ^ ^ a " ~* — — «. Pour prend* 

d.ametre D2. qu. correspond au d.ametre interieur du puits. 

Differents moyens peuvent etre prevus pour que le depliement ei 
lexpan^.onradialesefassentprioriuurementsurlaponionTO ? 

Ainsi, par exemple. il est possible d'entourer la partie 7] par des lien, 
annular done ,a resistance mecanique es, suffisante pour emp£L le d^ l e d" 

provoquer la deformation de la portion libre 70. 

On obtient ainsi un ancrage de la portion 70 centre la paroi du puits en 
avant des perforaUons O (voir figure 9). . P ' 

. ^'augmentation de la pression de gonflage provoquc la rupture des liens 
el™ 

figure ml POrt, ° n ^ Prtf0nne 7,> ,aqUe, ' e "» d " n D ' <-ir 

Par suite de ce depliement. le fourreau fendu 6 s'ouvre et prend une 

configurauonenforniegenenUedeU.referenceee'alafigure 1U. 

II reste solidairc. par son extremite aniens, de la douille 4 

glissersur .anrSi""' C ° nfi8Urati0n - ,e f0Urreau « fac "««™ «***ble. et peu, 

U mise sous tension complete du cable 50 correspond au rctrait comole. 
du fourreau. ,a longueur du cable elan, choisie pour correspTdrc a ,a £ uTr du 
tubage. Le retnu. se fait facilemen, car la preforme est ancree dans le puits 

preform* ^ * 6> 3 ** com P l *™ent retire de la 

Ct-.tzTt 1 ' press, °; dc gonna8c - *- provoquer 

aviale^enf ^ ? ' P '^^ 
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Toutc la prfforme vient alors s appliqucr inlimcmcnt conirc la paroi du 
puits C, en recouvrant les perforations O. 

De manifere connue. lout en maintenant le manchon sous gonflage 
hydraulique, on provoque alors la polymerisation par effet Joule de la rfsine constituant 
5 la prtforme, par alimentation flectrique des Tils chaufTants prtvus dans le manchon. 

A Tissue de ia polymirisation, on ddgonfle le manchon 9, qui se separe de 
la prfforme durcie - devenue tubage 8* - par rupture des manchettes 93 (figure 14). 

On effectue ensuite une nouvelle traction G 9 sur la tige 13, laquelle est 
toujours solidaire de la douille 4 et du fourreau ouvert 6* ainsi que, par I 'intermddiaire du 
10 cable tendu 50. sur I 'ouullage 3 et le manchon (KgonfW 9 (voir figure 15). 

L'ensemble peut €tre ainsi retird du puits. 

Diffcrentes formes de fourreaux rigidificateurs amovibles pounaient «tre 
prlvues ; ce fourreau doit etre d'une bonne rigiditd longitudinale tout en possfcdant la 
souplesse nlcessaire k son passage dans un sas non rectiligne. II doit s'ouvrir facilement 
15 pour li Wrer la prdforme et son <paisseur doit «tre faible pour limiter son encombrement 
radial. 

Par ailleurs il doit pouyoir se refermer lors de son passage k travers les 
restrictions R en vue de son enlevement, grice k une forme appropriee, par exemplc 
tegfcremcnt conique. 

20 Le diamfctre et I apti tude k la dilatation radiale de la preforme et, correlative- 

ment, du fourreau seront chotsis en fonction des conditions rfellement rencontres, et en 
particulier du diamfctre de la zone de puits * tuber. A titrc indicaiif, et non limitatif, la 
dimension diam*trale D 0 de la preforme k lMtat repli* pourra etre dc I'ordre de 60 a 
100mm, son diamfetre Di M mis au rond" sera de I'ordre de 90 k 150mm, et son diamfctre 

25 D 2 k\ % *tat expanse sera de Tordre de 170 k 220mm. 

La technique qui fait Pobjet de la prtsente invention s'applique avantageu- 
sement k une prtforme souple k la fois ddpliable et radialement expansible ; on ne sortirait 
toutefois pas du cadre de 1'invention en I'appliquant k des pr^formes simplcment 
depliables, mais non extensibles telles que celles d Rentes par exemplc dans les documents 

30 FR-A-2 662 207 et FR-A-2 668 241 dijk axis. 

La polymerisation de la prtforme n'est pas obligatoirement faile par effet 
Joule. Elle pourrait etre obtenue par d'autres moyens de chauffage, en particulier par 
introduction d*un liquide chaud dans la prlforme, ce liquide pouvant du reste etre Ic 
meme que celui qui sert k la gonfler. 

35 La portion d 'extnfmi \6 libre de la preforme, destin6e k rtaliser son ancragc 

initial, pourrait avoir une ddformabilitd plus grande que le reste de sa paroi, par exemple 
par adoption d'une dpaisseur de paroi plus faible ou du choix d'une matiere differente. 
Ceci permcttrait de s'aff ranchir des liens de contention donl il a 6i6 fait etat plus haut. 
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II 

REVEND1CATIONS 



1 • Proce<« pour tuber un puits, notamment un puits de forage fxJtrolier 
ou une canalisation, au moyen d'une preTorme tubulaire souple. durcissable in situ , selon 
lequel on introduit la preTorme dans le puits ou la canalisation a Vim longitudinalement 
replie, puis - lorsqu'elle y a etc correctement positionnee - on la deplie par gonflage 
hydraul,que pour lui donner une forme sensiblement cylindrique, on Tapplique contre la 
paroi du puits oude la canalisation et on provoque le diirusrement de sa paroi caracterise 
par le fait qu'avant d'introduire la preTorme (8) dans le puits ou la canalisation on 
r.nsere dans un fourreau amovible (6). qui est rigide ou semi-rigide en direction 
longitudinale. mais est deformable radialement, et qu'on met en place dans le puits ou la 
canalisation la preforme (8) contenue dans son fourreau (6). ce dernier etant ensuite 
sdpare" de la preTorme (8) et retirf du puits ou de la canalisation. 

2. Precede selon la revendication 1 , caracterise par le fait que la preforme 
(8) est inseree partiellement dans le fourreau (6) de telle sorte que son extremite libre 
ressorte de celui-ci sur une certaine longueur (Lo). 

3 . Procedd selon la revendication 2. caractcris* par le fait que dans un 
premier temps on deplie radialement uniquemem la portion de preforme qui depasse du 
fourreau (6). et on I applique contre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancrage. apres quoi on extrait le fourreau (6) par traction (G) vers I'arriere. 

4 . Proceed selon Tune des revindications 1 a 3. caractensd par le fait 
qu'on utilise une preforme (8) qui. apres depliement radial, et mise en forme cvlindrique 
est expansible radialement par gonflage hydraulique. 

5 . Procddd scion la revendication 4. caractensd par le fait que la dcsolidan- 
sation de la preforme (8) par rapport au fourreau (6) s'opere par suite du depliement 
radial de la portion de la preforme contenue dans le fourreau (6). apres quoi s operent 
successivement I'arrachement du fourreau (6) et Texpansion radiale de ladite portion dc 
preTorme. 

6 . Dispositif pour tuber un puits. notamment un puits de forage petrolicr 
ou une canalisation au moyen d'une preforme tubulaire souple. dont la paroi est 
thermodurcissabie insjtu. cette preforme etant radialement deformable sous I'effet dune 
press,on hydraulique interne entre un etat replie longitudinalement et un ctat dcpl* 
sensiblement cylindrique. caracterise par le fai t qu'i! comporte un equipment (2) de pose 
de la preTorme (8). monte a I'extremile d'une tige de command* tubulaire (13) destinee a 
eire introduite dans le puru (P) ou dans la canalisation depuis une tete de puits (P) cet 
equipement comprenant : 
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a) un outillage de pose et dc contrdle (3) poriant la preTorme (8), apic a 
fournir a ccllc-ci le fluide hydraulique sous pression necessaire a son depliement, ct 
I energie therm iquc necessaire au durcissement de sa paroi ; 

b) un founcau amovible (6) solidaire de rextremite* de la tige (13), a 
5 riniericur duquel est enserrte au moins partiellement la preTorme (8), et qui est rigide ou 

semi-rigide en direction longitudinal^ mais est deTormable radialement de sorte qu'il peut 
6tre retire de la preTorme (8) lorsque celle-ct se trouve k I '6tat dcplie\ 

7 • Dispositir selon la revendication 6, caractdrisd par le fait que ledit 
fourreau amovible (6) est un tube rendu, apte k s'ouvrir pour liberer la preTorme (8) au 
10 cours de son dipliement 

8 . Dispositif selon Tune des revendications 6 ou 7, caractens£ par le rait 
que la preTorme (8) est solidaire d'un manchon intdrieur arrachable. radialement 
expansible, (9), a rinteTieur duquel est introduit le liquide hydraulique rourni par 
Poutillage de tubagc (3) ct servant k de>lier la preTorme (8), ce manchon (9) £tant 

15 ddgonfle" el slparl dc la preTorme (8) en fin d'ope>ation, puis retire* du puils ou de la 
canalisation en meme temps que I 'outillage (3) et le rourreau (6). 

9 . Dispositir selon Tune des revendications 6*8, caracterts* par Ic rait 
que la preTorme (8) est thermodurcissable. son chautfage *tant realise* par eflet Joule par 
rinterme*diaire d'un cable electrique deTormable (50), cc dernier 6tant stock* sous un 

20 Taiblc encombrement dans une douille (4) qui est interposes entre P extern it* de la tige de 
commande ( 13) et Poutillage (3) et est solidaire dudit fourreau amovible (6). 

10. Dispositir selon la revendication 9, caractense* par le rait que ledit 
cable (50) a unc longueur sensiblement egale k celle de la preTorme (8') mise en place. 

.11. Dispositir selon la revendication 10, caract^rise* par le fait que la 
25 preTorme (8) est dcpliable et radialement extensible. 

12. Dispositir selon la revendication 1 1, caracitrisl par le rait que la 
preTorme (8) comprend un tressage de meches souples (700) s'entrecroisant avee un 
certain jeu. de telle sorte qu'elle peut s'expanscr radialement tout cn sc restreignant en 
direction axiale, le matcTiau constituuT de la preTorme Ctant une resine (82) polymerisablc 
30 a chaud, dans laquelle est nove* ledit tressage (700). 

13i Dispositir selon les revendications 8 a 12 prises en combinaison, 
caracteris* par le fat que ledit manchon (9) comprend e*galement un tressage de meches 
souples entrccroise*es (700) aptes a s'expanser radialement tout en se restreignant en 
direction axiale, et qui sont emprisonnees cntre des peaux inteneure (90) et exterieure 
35 (91) souples. certaines desdites meches e"tant remplace"es par des Tils conducteurs 
d Electricity aptes achautfer la prfrorme par eflet Joule, qui sont connected *lectriquement 
audit cable (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 

In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241 , the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
5 consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
10 installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 
15 The installation of a preform in a highly deviated or horizontal well is therefore awkward, 

and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
20 damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

25 The method according to the invention is notable in that, prior to inserting the preform into 

the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

30 The preform is therefore enclosed in the sleeve during the entire phase of the descent 

into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is, toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting in situ , this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7, 8, 9, 10, 12, 13, 14 and 15 are diagrammatic views similar to Figure 2, 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9, which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 



WO 96/21083 PCT/FR95/01651 

6 

conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13, or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length U that is appreciably smaller than the length L t of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length L, on the order of 
10 to 30 meters, and the length L 2l which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1 , the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3 t that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced 7* - 
made round with diameter D 1t and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter D 2 appreciably greater than D 1a 

The diameter and the radial expandability of the preform are chosen so that D 2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82, made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655. has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correlative^ to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlatively of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D 0 that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D 0 is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70. of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2. and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 



W0 96/21083 PCT/FR95/01651 

9 

By internal hydraulic inflation, the protruding part 70, and only this part, is first rounded 
out. then radially expanded to the diameter D 2 , which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6" in Figure 1 1A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well . 

Once the deformed sleeve 6' has been completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter D 2 (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8* - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example/the diameter D 0 of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter D, will be 
on the order of 90 to 150 mm. and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 
hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable. and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (Lo). 

3. Method according to claim 2, characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4, characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6), after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting insjtu, this preform being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8), suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the preform 
(8) is integral with an interior extractable radially expandable sleeve tube (9). inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8, characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9, characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8'). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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